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ABSTRACT 
Transposable elements are genomic parasites that move within the genome and can cause gene 
and genome evolution. Transposable elements make up significant portions of many eukaryotic 
genomes but have been little studied in animals. This research study focuses on characterizing 
and identifying a type of transposable element, called miniature inverted-repeat transposable 
elements (MITEs) within the Potamopyrgus antipodarum genome. MITEs are particularly small 
transposable elements which can occur in thousands of copies within a genome. This research is 
conducted using the genome of P. antipodarum, a species of mud snail that is native to New 
Zealand. This genome is currently being annotated by the Neiman Lab. My research focuses 
primarily on identifying and characterizing the MITEs that are present within this genome. 
Whenever assembling a new genome, the transposable element content of that genome should be 
assessed, which can only be done after these elements are identified and characterized. I 
identified the likely superfamilies and key characteristics of these MITEs. In my research I also 
assessed the genomic locations of these MITEs, determining if they are inserted in exons, 
introns, or intergenic regions. I discuss the proportions of MITEs inserted in these genomic 
locations and the implications of these insertions. Finally, these genomic insertions are assessed 
both based on MITE families and on all MITE sequences. 
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INTRODUCTION 
 Genomic changes drive evolution. Transposable elements (TEs) are a major source of these 
genomic changes. TEs are genetic sequences of varying lengths that exist and sometimes move within the 
genome of a host organism. These TEs use the host’s resources to move and replicate within the genome. 
TEs can make up a substantial fraction (>50%) of a genome, especially in multicellular eukaryotes, and 
can alter gene function and phenotypes, induce chromosome rearrangements, provide raw materials for 
new genes, and even cause speciation (Feschotte & Pritham, 2007). TE dynamics can also produce small 
genomic changes that lead to major diversification of genome architecture (Feschotte & Pritham, 2007).  
 There is immense variation in the types of TEs. TEs are usually either DNA transposons (which 
move by a cut and paste mechanism) or retrotransposons (which move by a copy and paste mechanism). 
Within these categories a TE can be autonomous or non-autonomous. Autonomous elements can move 
themselves, while the mobility of non-autonomous TEs is reliant on similar autonomous elements. My 
honors thesis focus is on a subclass of TEs called miniature inverted repeat transposable elements 
(MITEs). MITEs are a nonautonomous (movement reliant on other TEs) subclass of DNA transposons, 
themselves a distinct class of TEs (Robillard et al, 2016). MITEs and DNA transposons are both found in 
most eukaryotic genomes. While much is known about the MITEs and TEs present in some organisms 
(e.g., maize), there is little known about TEs in the vast majority of eukaryotes, even though TEs are 
present in all but a few taxa. Because TEs can have huge impacts on genome evolution and contribute to 
speciation, they can also have serious deleterious consequences including sterility and lethality, broad 
characterization of TE activity across eukaryotes is important (Feschotte & Pritham, 2007). Here I focus 
on characterizing the abundance and dynamics of MITES in mollusks, an ancient, diverse, and 
biologically and economically important phylum.  
 Very little is known about how molluskan genomes evolve. The extent to which the insights from 
the organisms in which MTES have been well characterized (insects, worms, plants) can apply to 
mollusks is limited because these other organisms have not shared evolutionary histories with mollusks 
for hundreds of millions of years.  
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Because TE insertion and excision can cause mutations that are at least mildly deleterious, natural 
selection generally acts to remove TEs from a population. TEs might impose fitness penalties through 
insertion within a gene, ectopic recombination between copies of a TE, and TE insertion effects on gene 
expression (Barron et al, 2014). DNA transposons are especially likely to affect gene expression because 
this type of TE tends to insert relatively close to genes and often affect gene regulation (Feschotte & 
Pritham, 2007)  
All DNA transposons - including MITES - have key features by which they can be identified and 
classified into families of TEs that share recent common descent (Figure 1). Some examples of these 
features include the terminal inverted repeats (TIRs) and flanking direct terminal repeats (DTRs). The 
transposon protein targets a specific sequence during genome insertion, which becomes the DTR (Wicker 
et al, 2007). MITEs include the key features of TIRs and TSDs, but do not contain the transposase gene. 
MITEs are formed when deletions occur in DNA transposons but share the same defining features of 
DNA transposons. Individual MITE elements are usually only 100-600 bp in length. They retain the TIRs 
and TSDs of the autonomous element, allowing the transposase of the MITE’s parental element to move 
the MITE. MITES move in a cut-and-paste manner, which means that element movement does not 
directly generate a new copy. MITEs can have particularly striking impacts on the genome because of 
their proliferative nature, creating large-scale rearrangements and deletions, and altering gene expression 
(Yang et al, 2013).  
Indeed, MITES replicate very rapidly, usually have high sequence homogeneity, and occur in 
high copy number (up to thousands of copies per genome) compared to other types of TEs. MITEs often 
experience amplification “bursts”, defined as rapid accumulation in a genome, which allows MITEs to 
drive genomic variation and changes in gene expression (Feschotte & Pritham, 2007). The specific 
conditions that contribute to differential activity in MITE families remains poorly understood. There is a 
paradox where MITEs can be present in thousands of copies within a genome and not cause the activity of 
the autonomous parental element of that MITE to be downregulated. It would be expected that many 
MITEs copies using the transposase of the autonomous parental element would inhibit the parental  
3 
 
 
Figure 1: Diagram of Transposon Insertion Key features present within MITEs and all DNA 
transposons: TIRs and TSDs. TIRs are inverted complements of each other, while DTRs are direct copies 
of each other present on the outside of the TIRs. Both TIRs and TSDs are key MITE characteristics that 
must be present. The yellow portion in this figure represents the area of sequence homology present in 
MITEs between the two TIRs  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
https://www.nature.ccom/scitable/content/many-transposable-elements-have-common-characteristics-29563 
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element from being able to move within the genome because its transposase was always occupied. If 
MITEs become abundant within the genome it would also be expected that the high number of MITEs 
would activate host silencing mechanisms that would also silence the autonomous copy. Despite these 
predictions, Feschotte and Pritham (2007) found that genomes with high numbers of TEs also tended to  
have MITE copy numbers. This creates what is known as the MITE paradox. The reason for this paradox 
is still unknown and is an area of further study. Answering this question has to start with characterizing 
the MITEs present within a genome. 
Another feature of MITEs that warrant further study is why MITEs can occur in these high copy 
numbers. MITEs can have thousands of copies within a genome, and all these copies of a single MITE 
sequence make up what is known as a MITE family. The sequences of a MITE family all match the same 
consensus sequence. MITE families are all moved by the same consensus sequence. It is a MITE family 
that has thousands of copies within the genome, and each of these copies individually is a MITE 
sequence. Signatures of recent amplification bursts include relatively high MITE copy number compared 
to other MITE families within the genome and relatively high sequence identity across MITE sequences 
(Feschotte & Pritham, 2007).  
The mechanisms responsible for MITE replication and the selective forces that operate against 
replication influence MITE placement within a genome, whether and how MITES affect gene expression, 
and whether MITEs are actively replicating. It is not clear if actively moving MITEs tend to be located 
near genes (Wessler, 2010) or distributed evenly throughout the genome (Lu et al, 2012). Both Wessler et 
al. (2010) and Lu et al. (2012) found that those MITEs near a gene influence that gene. The relatively 
small size of MITEs means that these elements might impose a relatively low selective burden, possibly 
explaining their high copy number (Barron, 2014). Active MITEs do not contain any open reading frames 
for genes but may become integrated into a genome by providing raw genetic material for evolution.  
       MITEs are a unique and important type of TE in the Potamopyrgus antipodarum genome, the 
system in which I will be doing my research. P. antipodarum are a species of mud snail that is native to 
New Zealand. They have been used primarily as a natural system for studying the maintenance of sex 
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because they have both sexual and asexual lineages coexisting in New Zealand lakes. P. antipodarum is 
also a highly invasive organism, and its genome has also been instrumental in studying polyploidy, 
invasiveness, coevolution, and much more. One of the reasons classifying MITEs within P. 
antipodarum’s genome is important is because the Neiman lab and others are currently creating a 
reference genome for P. antipodarum. When studying a new genome, it is important to catalogue what is 
in it in order to assess what unique features the genome has that may warrant further study.  
The P. antipodarum genome is a particularly good system for studying MITEs because TEs in 
general compose at least 25% of the P. antipodarum genome, with MITEs alone making up 7.8% of the 
genome. This is a notably high MITE content relative to the MITE abundance in the majority of other 
eukaryotic genomes, though it is hard to determine this with complete certainty because many researchers 
do not search for MITEs specifically. The first step before any further analysis of MITEs can be done in 
the P. antipodarum genome is identification and classification of these elements within this genome. I 
used MITE Hunter software to catalog and identify MITE families within the P. antipodarum genome. 
Next, I conducted phylogenetic analysis to determine possible autonomous elements and genomic 
positions for MITEs, assign MITEs to possible superfamilies, and determine how recently MITEs may 
have undergone amplification bursts. MITEs that inserted into the genome or experienced amplification 
bursts relatively long ago will have acquired more mutations (i.e. tend to have larger pairwise nucleotide 
distances between copies) relative to more recently inserted MITEs. Accordingly, by calculating pairwise 
nucleotide distances for the copies of a given MITE family, I will provide information critical to a better 
understanding of the evolutionary history of that family.   
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METHODS & RESULTS 
Identification and characterization of MITEs 
 I used MITE Hunter software (Han & Wessler, 2010) to identify possible MITEs in the de novo 
assembled genome of P. antipodarum. I then used a several-step process to either confirm possible 
MITEs as true MITEs or reclassify the putative MITE as simple random repeats or as another category of 
TE. First, I used the Kimura two-parameter model (as implemented in RepeatMasker (Smit et al, 2015) to 
calculate the pairwise nucleotide divergence values within each putative MITE family. These divergence 
values served as an indicator of how recently these MITEs were active within the genome.  
In order to assess copies of a MITE family I used the MEMBER function of a toolkit named 
MITE analysis kit (MAK) (Yang & Hall, 2003). MAK uses several levels of analysis concerning MITEs 
in an automated process to retrieve sequences of MITE families and to determine the positions of these 
sequences. MAK has several functions that can be used to investigate different aspects of MITE families, 
such as possible autonomous parental elements as well as copy positions within the genome (Yang & 
Hall, 2003). I used MAK to extract at least 20 of the best blast hits for each potential MITE family. I 
selected the best blast hits by choosing the sequences with the highest bit scores, meaning they have the 
highest alignment score from the blast alignment and are the most confident matches to the consensus 
sequence of the MITE family. I then align these 20 copies in MEGA software (Kumar et al, 2016) using 
the Clustal W function (Figure 2). The alignment of these MITE family copies allows me to identify the 
TIRs and ensure that there was a consistent TSD for each MITE family. I used these sequence alignments 
to identify and characterize the TSDs and TIRs, calculate the length, and estimate the sequence homology 
of each of these possible MITEs.  
The MEMBER function of MAK also provided the copy number of each potential MITE in the 
genome, which helped to either verify or discredit a sequence as a MITE. The primary criteria I used to 
verify a sequence as a MITE were (in order of importance) presence of TIRs, greater than 90% sequence 
homology among copies, consistent TSD sequence or length of sequence, at least 10 copies of the MITE  
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Figure 2: MITEs have characteristic TIRs, TSDs, and sequence homology between the TIRs This is 
example of 17 copies of MITE family 12_50900 aligned in MEGA. Different elements of MITE copies 
are outlined in colors as follows: black: TIRs; yellow: TSDs; red: sequence homology between the TIRs; 
and blue: nonhomologous sequences surrounding each MITE. White space between two alignments 
represents omitted sequence of continued sequence homology between two TIRs 
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within the genome, and lack of transposase gene (proving it is a nonautonomous element). I used the 
approaches described above to verify 21 MITE sequences in the P. antipodarum draft genome 
assembly (Table 1). Feschotte and Pritham (2007) lists DNA transposon superfamilies along 
with characteristics of that family, including their conserved TSDs. I used these TSDs to 
determine what superfamily the MITEs I manually identified in P. antipodarum’s genome 
belong to.  
Detecting related autonomous elements 
Autonomous elements are responsible for moving MITEs around within the genome and allowing 
them to replicate. The implications are that detection of intact autonomous parental elements of a MITE 
within the genome suggests that MITE may still be active. With this logic in mind, I executed a case 
study with the goal of identifying the parental autonomous element of one MITE (11_11380) in the P. 
antipodarum genome. First, I used the LONG function, as implemented within MAK (Yang & Hall, 
2003), to extract possible autonomous parental elements of MITE family 11_11380. I then blasted the 
output from LONG against NCBI’s conserved domain database (Marchler-Bauer, 2004), which allowed 
me to determine whether any of the sequences in LONG’s output contained the transposase gene. This 
CDD search did identify a sequence that encoded the transposase gene, making it likely that this sequence 
from the LONG output for the 11_11380 MITE family was a parental autonomous DNA transposon.  
Next, I used MEGA to align this longer putatively autonomous element sequence to the MITE 
and determine whether the MITE and autonomous element sequences share TSDs, TIRs, and some 
sequence homology. A MITE needs to have the same TIRs and TSD as the autonomous element for the 
autonomous element to be able to move the MITE sequence within the genome. Sequence homology, 
especially at the ends of the MITE and autonomous element, supports that a deletion in the autonomous 
element created the MITE. This alignment also helped me determine whether this MITE likely resulted 
from a deletion in this autonomous element. I did find one sequence in the LONG output for this MITE  
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Table 1: MITEs that were verified manually 
MITE  
Name 
TIR  
Length 
TSD MITE 
Length 
Copy 
Number 
Superfamily 
1_57582 13 TTAA 638 277 PiggyBac 
1_6220 4 3(varies) 984 772 CACTA 
10_4549 42 4 (varies) 785 46 Banshee 
11_11380 12 TTAA 310 700 PiggyBac 
12_50900 13 TTAA 508 886 PiggyBac 
14_56701 13 6 (varies) 417 292 Maverick 
15_21317 42 TA 223 39 Tc1/mariner 
16_61215 7 9 (varies) 71 135 Merlin 
2_59093 13 6 (varies) 405 697 Maverick 
3_25813 13 TTAA 203 784 PiggyBac 
3_39804 7 TA 450 15 Tc1/mariner 
3_4722 14 6 (varies) 436 683 Maverick 
3_52544 10 5 (varies) 443 83 Maverick 
4_41337 14 TTAA 243 189 PiggyBac 
4_58523 17 TTAA 330 34 PiggyBac 
4_5858 5 6 (varies) 374 371 Maverick 
4_7439 13 TTAA 592 58 PiggyBac 
5_44591 18 TTAA 703 779 PiggyBac 
6_56181 17 4 (varies) 507 55 Banshee 
6_7449 24 3 (varies) 164 915 CACTA 
9_24080 16 TTAA 680 765 PiggyBac 
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that contained a gene for transposase, had the same TSDs and TIRs as the MITE, shared internal sequence 
homology with the MITE, and even blasted to a known PiggyBac transposase (Figure 3). The shared 
TSDs of the two elements were TTAA, which is a known TSD of the PiggyBac family, which further 
supports that this longer sequence is the autonomous parental element of the identified MITE. This means  
that MITE family 11_11380 could still be moving within the P. antipodarum genome because its 
transposase (in the PiggyBac parental element) is still present in the genome.  
Determining the genomic locations of MITEs 
An additional 45 putative MITEs from the MITE-HUNTER output were verified by Kyle 
McElroy using the program PASTEClassifier for addition automated classification (Hoede et al, 
2014). PASTEClassifier, with the output from MITE Hunter, provides the TIRs of the possible 
MITE sequences. Only those MITEs with TIRs that were less than 80% of the entire sequence 
were added to my data set. This limitation of 80% was set to conservatively rule out non-TE 
inverted repeats. These possible MITEs were added to the data set to obtain a larger sample size 
for tests of MITE impact on genes, for a total of 66 different MITEs. I then used RepeatMasker 
with the consensus sequences of these MITEs to annotate the locations for all copies of these 66 
MTIE families in the draft P. antipodarum genome assembly.  
 I used tePositions_v2.py, an in-house custom python script written by Joel Sharbrough, 
with the RepeatMasker output to sort these MITE sequences into insertions into exons, introns, 
or intergenic regions based on the gene models in the current annotation of the draft P. 
antipodarum genome assembly. This program also provided the coordinates of the MITE relative 
to important genomic landmarks (e.g., 5'UTR, introns, exons). In order to focus only on putative 
insertions that were likely to represent true insertions and rule out false positive hits, I confined  
11 
 
 
Figure 3: Schematic of autonomous PiggyBac element that likely controls MITE family 
11_11380 The top block represents autonomous PiggyBac TE. The bottom block represents the 
consensus sequence of MITE family 11_11380. Color coding of schematic is as follows: lightest 
blue: portions of PiggyBac TE that did not align to the MITE family consensus sequence; 
intermediate shade of blue: sequences present in both autonomous PiggyBac TE and MITE 
family 11_11380; dark blue: transposase gene; red: identical TSDs for the two sequences; and 
light-yellow: short sequence in MITE family 11_11380 that did not align to the PiggyBac TE. 
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my analysis to sequences that comprised at least half of the length of the consensus sequence for 
the focal MITE.   
All of the MITEs I analyzed were inserted in both introns and intergenic regions (Table 
2). The number of introns a MITE family was inserted into ranged from 2 to 2,258 MITE  
sequences retained in introns per MITE family. Each MITE family was also present in intergenic 
regions, with a range of 22 to 12,764 MITE sequences inserted into intergenic regions of the 
genome per MITE family. All MITE families had more sequence inserted in intergenic regions 
than introns. Only 9 distinct MITEs were inserted into an exon, with 1 to 6 insertions in exons 
for each of these nine MITEs.  
 The MITE families with the highest number of exonic insertions had 6 sequences inserted 
into exons. For the 22 genes with MITE sequences inserted into their exons, I used Blast2GO 
(Götz et al, 2008) and blasted the genes using blastp (Marchler-Bauer et al, 2004) to determine 
the function of the gene (Table 3). Determining the function of these gens is particularly 
important because they have a MITE insertion in the coding sequence of the gene. Accordingly, 
the function of these genes is relatively likely to be affected by the MITE.  
 For a given gene I asked first whether it had a MITE inserted in one of its introns. I then 
assessed how many MITE sequences were present in a given gene’s introns and how many 
MITE families are present in the introns of that gene. Each MITE family has distinct TSDs, 
TIRs, and aligns to a separate consensus sequence than all other MITE families. For introns one 
of my assessments was purely focused on MITE families and seeing how many distinct MITE 
families are present in the introns of each gene. This is the output that is represented in Figure 4. 
This is very different from counting the MITE sequences that are present in the introns of a gene.  
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Table 2: Genomic characterization of MITE insertion per MITE family  
MITE families with no exon insertions left blank for that column. 
MITE Name Intron Intergenic Exon 
1_16768 15 1917  
1_57582 149 475  
1_6220 328 12764  
10_23747 104 1371  
10_33869 421 617  
10_4549 43 179 2 
10_5133 18 80  
11_10048 49 200  
11_11380 1060 1645 1 
11_48230 9 246  
11_4947 920 1666  
11_49549 773 1453  
12_11930 100 498  
12_32852 47 251  
12_36597 25 569  
12_39013 248 867  
12_50900 606 1664  
12_56801 429 2815  
13_2981 104 583  
13_45149 24 117  
14 
 
13_45651 19 1198  
14_56701 369 933 1 
15_21317 192 1671  
15_21629 56 278  
15_54427 79 516  
15_6096 514 1098  
15_7273 145 2624  
16_2345 125 250  
16_43288 667 756  
16_45436 180 1171  
16_56600 493 818  
16_57507 38 450  
16_61215 1772 4500 6 
16_8351 92 939  
2_23242 193 3030  
2_5617 11 22  
2_59093 1009 1458 2 
3_22345 157 2805  
3_44702 65 714  
3_25813 1852 3805  
3_39804 20 94  
3_9890 455 674  
3_4722 725 1127 1 
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3_52544 51 276 5 
4_23504 1286 4647  
4_24956 24 390  
4_25574 314 411  
4_41337 136 253 2 
4_47140 101 194  
4_52037 339 1571  
4_58523 108 448  
4_5858 299 410  
4_62157 1303 3452  
4_7439 46 164  
4_9858 93 407  
5_44591 157 1112  
5_54873 2 99  
5_8363 115 280  
5_9100 882 5999  
6_51448 2258 5079  
6_56181 117 2227  
6_61336 20 86  
6_7449 911 4984 2 
8_27886 267 545  
9_15823 684 811  
9_24080 338 1224  
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Table 3: Predicted function of genes with exonic MITE insertion 
MITE Name Gene Gene Function 
10_4549 maker-1505-snap-gene-0.12 
maker-183-snap-gene-5.17 
uncharacterized 
Acyl-CoA dehydrogenase 
11_11380 
 
14_56701 
16_61215 
 
 
 
 
 
 
 
2_59093 
 
 
3_4722 
3_52544 
 
 
 
 
maker-725-snap-gene-0.18 
 
snap_masked-390-processed-gene-2.4 
maker-272-snap-gene-7.17 
maker-204-snap-gene-8.26 
 
maker-785-snap-gene-0.39 
 
snap_masked-242-processed-gene-13.14 
maker-301-snap-gene-12.6 
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Figure 2: MITE families per gene Number of distinct MITE families’ insertions into each 
gene’s introns, counting each MITE family only once 
The Y axis represents the number of genes with a certain number of MITE families inserted in its 
introns. The X axis represents the range of observed MITE families inserted into intron of gene. 
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Each MITE family can have up to thousands of copies within the genome, each copy having 
sequence homology to the MITE family it belongs to. In my assessment of MITE sequences 
within the introns of genes I simply counted how many MITE sequences in total are in the 
introns of a particular genes. This means that even if a MITE family had multiple copies within 
the same gene, I would count all these copies, along with the copies of any other MITE family  
that occurs in this gene’s introns. The number of occurrences of MITE copies of all MITE 
families within a gene’s introns is what was measured in the output of Figure 5.  
Out of all the 32,148 predicted genes in P. antipodarum’s genome, 62.3% of the genes 
(20,052 genes) did not have a MITE sequence from any family inserted into any introns. 21.6% 
of the genes (6,949 genes) only had one MITE family inserted into an intron. The gene that had 
the most MITE family insertions, gene maker-6-snap-gene-20.17-mRNA-1, had 14 different 
MITE families inserted in its introns (Figure 4).  When looking at individual MITE sequences, 
instead of MITE families, 20.1% of the genes have only one MITE sequence inserted in its 
introns. The gene with the most MITE sequences inserted in its introns had 21 MITE sequence 
insertions (Figure 5). The gene with the most insertions for both MITE sequences and MITE 
families is maker-6-snap-gene-20.17-mRNA-1. This gene is single copy, ruling out the 
likelihood that duplicated genes may be more tolerant of MITE insertions. The protein produced 
from this gene blasts to a E3 ubiquitin-protein ligase HUWE 1-like isoform. 
Having a MITE inserted into the intron of a gene can still affects gene expression or 
function. When MITEs become integrated and retained in the genome they are more likely to 
take on novel function as they mutate and become less likely to move. MITE families that have a 
relatively high pairwise nucleotide divergence values (calculated using RMasker) are likely to 
represent MITEs that inserted into the genome longer ago than MITEs with relatively low  
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Figure 3: All MITE Sequence Insertions Number of MITE sequences inserted into each gene’s 
introns, counting each MITE sequence even if a family has multiple copies within the genome 
The X axis represents the range of observed MITE sequences inserted into intron of a gene. The 
Y axis represents how many genes had a certain number of MITE sequences inserted in its 
introns. 
 
 
 
 
 
 
 
0
5000
10000
15000
20000
25000
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
N
u
m
b
er
 o
f 
G
en
e
s
Number of MITE Insertions
21 
 
pairwise divergence values. I predicted that as older MITEs became degraded from being 
stationary in the genome, they would be more likely to become integrated into the genome and 
take on function. As MITEs became integrated or took on some function they would have been 
more likely to be inserted in introns, because their presence in introns would be less likely to 
disrupt gene function than the presence of actively moving MITEs. Younger MITEs are more  
likely to be actively moving within the genome and have lower pairwise divergence values 
because they just recently inserted into the genome. Therefore, I would have predicted younger 
MITEs would be more likely to be retained in intergenic regions (Barron et al, 2014) where they 
would have less influence on gene function. Therefore, my prediction would have been a positive 
correlation between X and Y. I used a Pearson's correlation to determine whether this prediction 
was met but did not detect a significant correlation (R = -0.2717, p=0.027742) (Figure 6). This p 
value is not significant at 0.01 confidence level, showing that there is not a statistically 
significant correlation to this data. This analysis outcome implies that MITEs are just as likely to 
be inserted into introns (vs intergenic regions) regardless of time since the original insertion.  
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Figure 4: Age of MITE family does not influence likelihood of retention into introns Younger 
families of MITEs on left of graph with older MITEs on right of graph  
The X axis represents the average Kimura 2-parameter divergence of the MITE sequences from the 
consensus sequence of that MITE family. The Y axis represents the percent of all MITE sequence 
insertions that are in introns for the same MITE family. 
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DISCUSSION 
I identified 1 autonomous element of a MITE family.  An autonomous element typically 
undergoes an internal deletion, which gives right to a MITE. Shortly after this, MITEs often go 
through amplification bursts and accumulate copies quickly within the genome. Despite this, the 
autonomous element within the genome remain at low copy numbers, and now the transposase of 
this autonomous element is responsible for moving the all the copies of this MITE within the 
genome. It is a paradox that these MITEs can accumulate to such high copy numbers within the 
genome, and occupy the transposase of their parental autonomous element, and still the parental 
autonomous element can persist in the genome with MITEs so successfully parasitizing its 
transposon activity. By finding this autonomous PiggyBac element within the genome and 
assessing the intergenomic relationships between this PiggyBac element and MITE 11_11380, 
the P. antipodarum genome can start to be used to assess the MITE paradox.  
Characterizing the MITEs within the P. antipodarum genome is also an important first step in 
order to do more analysis later, in this case more focused on TE mediated genome evolution of 
the P. antipodarum genome.  I manually identified 21 MITE families, most of which belonged to 
the PiggyBac or Maverick superfamilies. This result implies that these superfamilies may have 
recently undergone an amplification burst within the P. antipodarum genome. I also determined 
the genomic locations of these MITE families and found that while most (79.62%) MITE 
insertions are in intergenic regions, 20.36% of all MITE sequences are present in the introns of 
genes. These results suggest that MITEs in the P. antipodarum genome may affect gene 
expression by being inserted in introns. Lu et al. (2012) found that when MITEs are inserted near 
genes they reduce the expression of those genes. However, Guo et al (2017) found that nearby 
MITE insertions had no effect on genes. The effects of intronic MITE insertions on gene 
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expression is one area that warrants further study in the P. antipodarum genome.  that MITEs 
may not only affect genome evolution but also gene sequence, expression, and evolution. Only a 
very small fraction - 0.02%- of all MITE insertions were in the exons of genes. My blast 
searches did not reveal any clear trend regarding gene identity for the genes harboring exonic 
MITE insertions.  Of all the 32,148 predicted genes in P. antipodarum’s genome, 37.74% of 
these genes (12,131 genes) had MITE sequences inserted into their introns. Of these 12,132 that 
had intronic MITE sequence insertions, 53.18% of these genes (N = 6,949) only had 1 MITE 
sequence insertion. On the other hand, there were 12,096 genes that had MITE families inserted 
into their introns. Of these genes, 57.45% (N=6,949 genes) only had 1 MITE family inserted in 
its introns. The results of these two groups are similar, though one gene (maker-6-snap-gene-
20.17-mRNA-1) had 14 MITE families inserted in its introns while it had 21 MITE sequences in 
its introns (demonstrating that at least some of these insertions are copies of the same MITE 
family with the same sequence). There are several caveats to these results, however. The genome 
assembly of P. antipodarum is fragmented, so the view of intronic and intergenic MITE 
insertions may be inaccurate. MITE sequences that are predicted to be intronic may be intergenic 
if a predicted gene is actually two genes, and MITE sequences that are predicted to be intergenic 
may actually be intronic if a gene gets split into two different contigs in the genome assembly. 
Predicted genes may also not be actual genes, though it does appear that many of the predicted 
genes with MITEs inserted in them have blast results. However, gene models have not be 
carefully inspected for completion, which also may undermine the results of this research.  
 These limitations of the genome assembly may also have affected my search for parental 
autonomous elements. While I was able to find a PiggBac element in the genome that was a 
likely parental element of MITE family 11_11380, this was the only parental autonomous 
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element I was able to identify. A better assembled genome may have helped with this search, but 
there are other limitations to searches for autonomous parental elements of MITEs. DNA 
transposons can also cause the formation of heterochromatin, which may make finding 
autonomous parental elements even harder (Feschotte & Pritham, 2007).  
 The presence of autonomous parental elements in the genome would lead to the 
continued proliferation of MITEs. If MITEs are still moving within the genome, it would be 
logical that they would more closely resemble the consensus sequence (meaning a lower 
divergence value). However, the divergence values of MITEs did not seem to correlate with the 
likelihood that a MITE sequence would be retained in an intron (vs an intergenic region). Those 
MITEs that are inserted into introns are more likely to have effects on gene expression and 
evolution. Therefore, it would seem more likely that MITEs that had been inserted into the 
genome for longer (and become more integrated into the genome) would be in introns. It would 
be detrimental to the organism to have gene expression levels changing with the insertions and 
excisions of MITEs that are still active in the genome and not mutated to the point where they 
can no longer move within the genome. My research did not support this prediction however, 
because of the lack of significant correlation between divergence values and retention of MITE 
families in introns. 
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CONCLUSION 
P. antipodarum is an ideal model for the study of MITEs. The ongoing annotation of P. 
antipodarum genome has shown that at least a quarter of the genome is derived from TEs. DNA 
transposons make up over half of the total amount of TEs in this genome, with MITEs 
composing over half of DNA transposon content. Therefore, MITEs make up a sizable portion of 
P. antipodarum genome, having at least 21 distinct MITE families in it. A third of P. 
antipodarum’s predicted genes have at least one MITE insertion, with 20.38% of all MITE 
sequence insertions being in genes. All of this may support that MITEs can influence gene 
expression. When MITEs insert into gene introns they can have regulatory influences on that 
gene’s expression by helping to determine intron length.  
Though I was able to find MITEs within the P. antipodarum genome, characterizing 
autonomous elements within the genome was more difficult: I was only able to find and verify 
one such element. P. antipodarum has a large quantity of TEs, and a sizable number of MITEs. 
Feschotte and Pritham (2007) found that genomes with high numbers of TEs also tended to have 
large quantities of nonautonomous elements. This is a kind of paradox because it would be 
expected that the activity of nonautonomous elements would be detrimental to their autonomous 
parental elements. This is expected because MITEs occurring in high copy numbers would 
occupy the transposase activity of that autonomous element and possibly trigger host repression 
mechanisms of both the autonomous and nonautonomous elements.  Therefore, it would be 
expected that increased MITE copy number would repress the activity of the autonomous 
parental element. However, the findings of my research supported the conclusions of Feschotte 
and Pritham (2007) that genomes with large numbers of TEs also had high quantities of 
nonautonomous elements. My characterizations of MITEs within the P. antipodarum genome 
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may help to explain this MITE paradox. One of the key features that contribute to this MITE 
paradox is that MITEs occur in the genome in such high copy numbers.  
These high copy numbers are one of the reasons why MITEs are so interesting and 
warrant further study. A MITE’s tendency to accumulate in high numbers not only produce the 
MITE paradox, but also means MITEs can insert into the introns of many different genes and 
have many chances to influence gene expression in an organism. Changes in expression of 
multiple genes can eventually lead to large scale genome evolution due to MITE activity. 
Identifying and characterizing the MITEs present within a genome is the first step to assessing 
the mechanisms, maintenance and effects of these high MITE copy numbers. 
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